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@ Near end crosstalk suppression. 

@ To reduce near-end crosstalk (NEXT) in sys- 
tems possessing excess bandwidth, a signal is 
transmitted from a first (101) to a second loca- 
tion (102). At the second location, the received 
signal is examined and a characteristic of this 
signal is determined (in 114) while the delay 
provided (by 116) in the transmit signal path at 
this location is varied. Based on this exami- 
nation, a particular amount of delay is intro- 
duced into the transmit signal path which 
reduces NEXT. This process is repeated for 
each direction of transmissk)n. In the disclosed 
embodiment, the characteristic of the recehred 
signal which is detenmined is the mean square 
en-or and the amount of delay selected Is that 
corresponding to the minimum mean square 
enror. 
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pi d into a signal propagating in one direction in a 
four-wire path and destined for on transc iv r from 
another signal transmitted in the opposit direction by 
a different transceiver ont a different four-wire path. 

Transceivers 104 and 105 are respectively ref r- 
red to as "master" and "slave". These descriptors refer 
to the fact that transceiver 104 includes a local dock 
generator 108 which synchronizes the operation of 
the transmitter and receiver via leads 109 and 110 
while transceiver 105 includes a conventional dock 
recovery circuit 111 which recovers the dock signal 
from the received signal at the second location and 
couples this recovered dock to the transmitter and re- 
ceiver of transceiver 105 via leads 112 and 113. Ac- 
cordingly, the operation of transceiver 105 is "slaved" 
to the operation of transceiver 1 04. It should be noted 
that while dock generator 108 is internal to transceiv- 
er 101, the dock signal provided by this generator 
could be externally generated and supplied to the 
transceiver. 

As indicated in FIG. 1 , NEXT exists at the first lo- 
cation in that a portk>n of the signal transmitted by 
transceiver 104 is coupled to the receiver of this 
transceiver. This coupling is indicated by arrow 114. 
Similarly, NEXT also exists at the second location, 
i. ., a portion of the signal transmitted from this loca- 
tion appears in the receiver at this location. This is in- 
dicated by arrow 115. 

To reduce the NEXT, each transceiver in FIG. 1 
also indudes Mean Square Error (MSE) measure- 
ment unit 114, controller 115 and variable delay de- 
vice 116. The MSE unit is supplied with the error sig- 
nal formed within the receiver and used therein to up- 
date adaptive circuitry. This error signal appears on 
bus 117. The MSE is determined from this error signal 
and, as will be more fully described, is coupled on 
lead 118 to controller 115. The controller, in response 
to the determined MSE, varies the delay provided by 
d vice 116 via lead 119. 

In system 100. the data coupled between the first 
and second locatbns is a digital signal and, for pur- 
poses of illustration, it will be assumed that system 
100 utilizes quadrature amplitude modulation (QAM) 
so that the digital signal is transformed into a pair of 
symbol streams. It should, of course, be understood 
that the present invention is not limited to QAM mod- 
ulatk>n but can be used with a variety of passband and 
baseband digital formats. 

In QAM modulation, one of these streams is des- 
ignated as the in-phase (I) channel while the other is 
designated as the quadrature (Q) channel. The I and 
Q channels, in well-known fashion, each modulate a 
different carrier signal in a pair of quadrature-related 
carrier signals. These operations occur within each 
transmitter 106. Within each receiv r, after propaga- 
tion through link 103, the incoming modulated carrier 
signals are denrK)dulated, the demodulated signals 
are sampled at th symbol rate r a multiple thereof. 



and th transmitted information is recovered using a 
dedsion device. 

Each I and Q symbol in QAM modulation can 
hav one of a predetermined set of values wherein 

5 the numb rof values in th setis a function of the par- 
ticular QAM modulation. For example, in 16 QAM, 
each symbol can have any one of four permissible val- 
ues, while in 64 QAM, each symbol can have any one 
of eight permissible values. The MSE is the mean or 

10 average of the square of the error signal. The error 
signal at each sample time is the difference between 
each recovered symbol value and the dosest one of 
the permissible symtx>l values. If one would square 
the magnitude of this error and then average the 

15 squared errors over time, one obtains the MSE. 

The underpinning of applicants' invention is that 
it has t>een found that if one introduces a delay into 
the signal transmitted by a transceiver, the amount of 
NEXT introduced at the decision device in the receiv 

20 portion of that transceiver will vary. Moreover, the 
MSE is a good indicator of the effect of NEXT. There- 
fore, by measuring the MSE for different delays, on 
can arrive at an optimum amount of delay, i.e., an 
anrK>untof delay which minimizes the MSE and, there- 

25 fore, the NEXT. Pursuant to the present invention, the 
MSE is determined for each of a plurality of different 
delays and the delay corresponding to the minirhum 
MSE Is selected. This optimum delay determination is 
performed for each direction of transmission. For ex- 

30 ample, referring to FIG. 1 , while signals are transmit- 
ted from the first location to the second and vice v r- 
sa, at the second location, within the slave transceiv- 
er, controller 115 sets device 116 to provide a number 
of different delays. For each delay, unit 114 determi^ 

35 nes the MSE and couples the results on lead 118 to 
controller 115. After these measurements, the con- 
troller sets the device 116 to provide the amount of 
delay corresponding to the minimum MSE. This proc- 
ess is then repeated at the second location. More spe- 

40 cifically, transmitter 106 in the slave transceiver 
transmits a signal through unit 116, which has now 
been set to provide some specific amount of delay, to 
receiver 117 in master transceiver 104. Within th 
master transceiver, unit 114, controller 115 and unit 

45 116 operate as described prevk)usly so as to adjust 
delay unit 116 to provide an amount of delay which 
minimizes the MSE. 

The incoming signal processed by the receiver 
and from which the MSE is determined for each of a 

50 plurality of delays, could be a signal whose values are 
not a priori known to the receiver. This adjustment 
process is then similar to the "blind" adaptation proc- 
ess used to adjust adaptive devices, such as equal- 
izers and ech cancellers. Or, preferably, the inconrv 

55 ing signal for this process could be one whos values 
are a priori known t the receiver. In such cas , th 
incoming signal is comm nly referred to as a training 
sequence. The preference for the us of a training se- 
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7. The apparatus of claim 1 wher in said d termin- 
ing means determines a minimum value for said 
mean square mor signal. 

8. A method c mprising the steps of 5 

d terminfng a predetermined signal char- 
acteristic of an incoming signal after propagation 
through a communications channel; and 

providing a particular amount of delay into 
an outgoing signal transmitted by said apparatus io 
in response to s£kid determined characteristic. 

9. A communications system comprising a first 
transceiver coupled to a second transceiver via a 
communications link, said first transceiver com- is 
prising 

means for transmitting a signal through 
said communications link to said second trans- 
ceiver and 

saki second transceiver comprising 20 
means responsive to said signal after 
propagation through a communications channel 
for determining a predetermined signal charac- 
teristic; and 

means responsive to said determined 25 
characteristic for providing a particular amount of 
delay into an outgoing signal transmitted by said 
second transceiver. 
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